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Abstract
The results of Entamoeba histolytica infections range from
asymptomatic colonization to variable disease outcomes.
However, markers that may predict infection outcomes are
not known. Here, we investigated sequence types of a
non-coding tRNA-linked locus R-R to identify surrogate
markers that may show association with infection outcomes.
Among 112 clinical samples—21 asymptomatic, 20 diarrhoea/
dysentery and 71 liver abscesses—we identified 11 sequence
types. Sequence type 5RR was mostly associated with
asymptomatic samples, and sequence type 10RR was
predominantly associated with the symptomatic (diarrhoea/
dysentery and liver abscess) samples. This is the first report
that identifies markers that may predict disease outcomes in
E. histolytica infection.
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WHO estimates that up to 273 people die everyday world-
wide from amoebiasis [1]; it is the second leading cause of
death due to parasite infection after malaria. However, four
out of five people infected with Entamoeba histolytica, the
causative agent of amoebiasis, remain asymptomatic [2]. In
the remaining 20% of infections, E. histolytica causes intestinal
or extra-intestinal diseases. What determines the outcome
of an E. histolytica infection is not clear. Several PCR-based
polymorphism studies have attempted to find a possible cor-
relation between parasite genotype and outcome of infection
but have been unsuccessful [3–7]. However, using the tRNA
gene-linked multilocus genotyping system, we have previously
shown that the parasite genotype is one of the factors deter-
mining the infection outcome [8,9]. We have also shown that
parasite genotypes in the intestine and in the liver of the
same amoebic liver abscess (ALA) patients were different
from each other, strengthening our previous notion that dif-
ferent genotypes of E. histolytica have different virulence
potentials [10]. However, one caveat of this genotyping sys-
tem is that it identifies too many genotypes even in a small
geographic location. A link between individual parasite geno-
type and the infection outcome could not be established.
Here, we extended our investigation on sequence typing of a
particular locus, R-R. We chose to study locus R-R, because
this was the only locus to remain unchanged between the
intestinal strain and the LA strain in the same ALA patients
[10], suggesting that it is more stable than the others, and
because it was easy to amplify from clinical samples as a
result of its high copy number (>90) in the genome [11].
The 112 DNA samples used in this study were taken from
21 asymptomatic (A) patients, 20 patients with diarrhoea/
dysentery (D), and 71 patients with liver abscesses (LA). All
the A and D samples were from children from Mirpur, Dha-
ka, and 51 of the 71 LA samples were from adult patients
with ALA admitted to different clinics and hospitals in Dhaka.
The remaining 20 LA samples were from patients admitted
to the Rajshahi Medical College, Rajshahi, c.250 miles north-
west of Dhaka. Amplification of locus R-R was performed
using the tRNA primers [9] and PCR product was gel puri-
fied, and sequenced directly.
The structure and organization of short tandem repeats in
locus R-R were described previously [12]. A total of 11 locus
R-R sequence types (STs) were detected in this study
(Fig. 1). The LA samples came from two locations—Dhaka
and Rajshahi—so we first checked the distribution of their
STs separately. The STs 2RR, 9RR and 12RR were found
exclusively in LA samples from Dhaka. Five STs were com-
mon in both locations, but no statistically significant differ-
ences in their occurrences were observed so we combined
LA samples from both locations for comparison purposes
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with other clinical groups (Fig. 2). Overall, five STs (1RR,
2RR, 3RR, 9RR and 11RR) were represented by one sample
each, suggesting that they are rare (Fig. 1). A maximum num-
ber of 32 samples displayed the same ST, 6RR, which was
randomly distributed across all clinical samples (e.g.
A = 33.3%, D = 25% and LA = 28.2%) (Figs 1 and 2).
The ST 5RR was identified in ten out of 21 (47.6%) A,
two out of 20 (10.0%) D, and 17 out of 71 (23.9%) LA sam-
ples, making it significantly associated with the A strains of
E. histolytica (Fig. 2). In contrast, ST 10RR was identified in
only one out of 21 (4.8%) A samples, eight out of 20 (40.0%)
D samples, 21 out of 71 (29.6%) LA samples (i.e. 29/91 or
31.9% symptomatic samples), making it significantly associ-
ated with the symptomatic strains of E. histolytica. However,
three major limitations of this study are: (i) the number of A
samples was low (n = 21) compared with symptomatic sam-
ples (D = 20 and LA=71; n = 91), (ii) all the A and D sam-
ples were from 2 to 6-year-old children—so we do not
know whether they represent STs for all age groups,
although no age-specific sequence or PCR patterns have
been reported in E. histolytica, and (iii) LA samples were from
two different epidemiological settings—Dhaka and Rajshahi,
although no significant ST differences were noticed between
them.
Three major STs—5RR, 6RR and 10RR—represented
81.3% (91/112) of all samples. In a previous study [8] we
obtained six distinct PCR patterns in locus R-R among 111
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FIG. 1. Schematic representation of locus R-R sequence types and their distribution in clinical samples. The tRNA gene sequence is shown by
an arrow and the short tandem repeat sequences are shown with coloured bars. Three blocks (Block A, Block B and Block C) of short tandem
repeats showed variability in number of repeats. Among all 112 samples, 11 different locus R-R sequence types were detected. *Sequence type
7RR was not detected in this study population although it was previously identified in a Japanese Entamoeba histolytica strain from an individual
with unknown clinical manifestation [12]. The three most common sequence types (5RR, 6RR, and 10RR) are shown in bold type. In the clinical
distribution: A = asymptomatic; D = diarrhoea/dysentery; LA = liver abscess; and N represents the total number of samples in a particular clini-
cal population. Part of this figure is similar to figure 4 in [12].
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FIG. 2. Percent frequency of the three major locus R-R sequence
types among the clinical samples. The sequence type 5RR is signifi-
cantly associated with the asymptomatic sample group (p values
between asymptomatic and diarrhoea/dysentery, and between
asymptomatic and diarrhoea/dysentery plus liver abscess sample
groups are 0.0148 and 0.0241, respectively). In contrast, the
sequence type 10RR is significantly associated with the symptomatic
sample group (i.e. diarrhoea/dysentery and/or liver abscess sample
groups) (p values between asymptomatic and diarrhoea/dysentery,
asymptomatic and liver abscess, and asymptomatic and diarrhoea/
dysentery plus liver abscess sample groups are 0.0089, 0.0198 and
0.0123, respectively). The sequence type 6RR is distributed almost
evenly across all clinical sample groups. A = asymptomatic; D = diar-
rhoea/dysentery; and LA = liver abscess.
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clinical samples (A = 38, D = 30 and LA = 43) and these
three STs were detected in 84.7% (94/111) samples. Simi-
larly, in agreement with this study, the 6RR equivalent PCR
pattern was the most prevalent of all patterns detected in
that study too [8]. However, although the 5RR and 10RR
equivalent PCR patterns appeared to be proportionately
more prevalent in asymptomatic and symptomatic samples,
respectively, they did not show statistically significant associa-
tion. This is because the PCR patterns (sizes) in the previous
study were judged by eye (no sequencing was involved), so,
it is possible that not all size estimates were correct. Also,
because the same size PCR product does not necessarily
represent an identical sequence (Fig. 1), we believe that
some of the PCR patterns of the previous study [8] are mix-
tures of more than one ST.
Three STs (10RR, 11RR and 12RR) represented 34/91 or
37.4% of all symptomatic samples, and only 1/21 or 4.8% of
all A samples. Although the sample sizes were small, it is still
intriguing that they are almost exclusively (34/35 or 97.1%)
associated with the symptomatic strains of E. histolytica. As a
result of the size differences of these three STs (10RR–
12RR: 477–485 bp) to the next ST 9RR (557 bp) are 72–
80 bp, a locus R-R PCR product of 485 bp or less will be
indicative of a symptomatic infection of E. histolytica. Overall,
we are confident that our data improve our understanding
of the contribution of genotype to the outcome of infection
by E. histolytica. Some of the STs identified in this exploratory
study show promise as surrogate markers for the prediction
of infection outcome by E. histolytica (a category B agent of
bioterrorism). Further investigations are required to confirm
these findings using larger samples collected from diverse
geographic locations.
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